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The information given herein is the result 
of an experimental study of the Rouge-Faget Pernutator 
carried on in the Dynamo Leboratory of the Armour In- 
atitute of Technology. Although of interest to the 
Electrical Department of this institution, where the 
machine was tested, it is hoped that those interested 
in elternating current rectifying apparatus will find 
this work of value, incomplete as it is. 

The writers wish to acknowledge their in- 
debtedness to those persons whose assistance made it 
possible to carry on even this partial investigation. 
Especially do we wish to express our’ thanks to Mr. 
F. O. Godfrey, a Junior of the Electrical Engineering 
Course, Mr. J. I. Menkin, a Senior of the Mechanical 
Engineering Course and the Assistants of the Electrice 


al Department of this institution. 
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THE ROUGE FAGET-PERMUTATOR. 
INTRODUCTION. 


A permutetor, as the name implies, is from 
an electrical point of view ea machine which permutes 
(changes) alternating current to direct current. Tt 
is a rectifier and not a converter, as will be brought 
out leter, in that the change from altornating current 
to direct currsast is accomplished by rectification and 
not conversione This distinction is based upon the us 
ual definitions of rectifiers and converters. In the 
former,the magnetic circuit interlinked with the elece 
tric circuit, if there be one, is not a function of 
the generated direct current; in the latter, the elec- 
tric circuit is definitely related to the magnetic cir- 
cuit. 

It is well known that in a rotary converter a 
portion of the direct current is rectified alternating 
current and the remainder is generated due to generat- 
or action,the ratio depending upon the number of phases. 
In a permutator the direct current is produced by roct= 
ification only. Based upon this difference the writers 
have used the torm, "Rectifying Apparatus or Machine", 
as a class to which this machine belongs. 


To emphasize this difference let us consider 
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THE ROUGE FAGET-PERMUTATOR. 


the following classification; motor genorators, syn- 
chronous and asymmetrical apparatus. In the first the 
two circuits, both electric and magnetic, are dist&nct. 
In the second the two circuits are combined and the 
machine is no longer called a motor —- yenerator but a 
rotary converter. The permutator we have classed under 
the third type. In the rotary converter synchronous 

rotation is used to induce direct currents, while in 
the permutator, synchronous rotation is used to col- 
lect direct currents. That is to say, the currents on 
the direct current side of this machine are collected 
from the alternating current side and not generated, 
either wholly or in part, as in a converter. In con- 

clusion we may say, --- the permutator is ai static 


trensformer with a non-<inductive rectifier. 


AOTATUMASI-TIDAY TQUOA GHT 


-—tve .atotarenon totdom ynoftisoitiass{o gsatwollot alt 
oft taonxkt ed¢ af .sitteiesqqs L[soluisommyas bis ayorrotdo 
eJondsafb ota ,oisormmem bis otitoole dtod ,atiuoilo ows 
odd brea beatdmoo ers astivorio owt oft broove elt al 
s ¢ud sotatene, - totom s befl{so tegmol om af ontilosm 
sobrus beraslo ovad ew totetumiog eff .settevmoo yistot 

avyonordonys tadisvaoo yaator oft mI .oqyd btidt ott 
mt olfdw ,adnoriuo toertbh ooubmt of hoau ef nofsiatot 
-~f[oo of heau 2f mottatot avononionya ,io¢tsdumieg oft 
no atneyiyo odd ,.ysa ot at dsdT .atnonis Seow ania 
hetoolloo ote entdoam etdt to ebta ¢metie toerib ont 
~basetones ton his ebisa taeaimvo ankiantetis ont mort 

—oo ml .tedteveroo 5s af as .tieq at to yLilodw toedito 

ofitsdes s af todstumis7 oft --- ,.¥sa Yen ow notasLo 


toftisoe1t evitovbat-non s dtiw tesroteane:t 


THE ROUGE-FAGET-PERMUTATOR. 
HISTORY. 


Many inventors shortly before 1888 realizod 
the possibility of making a machine for converting al- 
ternating currents to direct currents by taking advent- 
age of the action of a revolving field in an inductive 
circuit with a fixed commutator and revolving brushes. 

An excellent resume of the different patente 
issued to numerous inventors has been given in the 
"Zeitschrift fir Flectrotechnok" in the numbers of Aug. 
28th and September 2, 1906. 

It seems ‘that the failure of the early invent~ 
ors of this machine was due to lack of sufficient know- 
ledge in the distinction between the permutator and the 
rotary converter. In 1888 Zipernowsky and Deri conceiv~ 
ed the possibility of making use of the above named 
principles. In their patent there is no distinction be- 
tween a rotary converter and a permutator. In reality 
their machine is a rotary converter with two circuits. 

Messrs. Hutin and Le Blanc, in 1892, were the 
first to give a correct solution of the problem by us-~ 
ing sinusoidal windings. This apparatus, on account of 
constructional @ifficulties, did not have a commercial 


-development as was rightfully expected from it. 
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Later Messrs. Blondel and Souther took up 
the incomplete solution of Zipernowsky and brought 
into light the part pleyed by the asymmetrical wind- 
ings of the magnetic circuits and also solved the 
problem of load disturbances. Unfortunately, led a- 
way by studies whose immediate interest was greater, 
they did not push the solution of the problem to the 
end. 

Mr. Maurice Le Blanc in 1902 took up the 
solution of Zipernowsky's problem and gave a correct 
but extremely complicated solution. 

Messrs. Rouge=~Faget took up the same 
problem the following year and succeeded in devel- 
oping the true permutator. This machine these peo~ 


ple are now manufacturing on e commercial basis. 


It is this machine with its characteriste 
ics which we wish to confine ourselves to, === in 
particular, the machine having the following name 


plate desta. 
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THE ROUGE+FAGET PERMUTATOR. 
GENERAL DESCRIPTION. 


The permutatori ( see Figs. 1 and 2 ) 

consists of three essential parts, namely:-= 

1. A transformer having a hollow iron cylindri- 
cal core. 

2. A synchronous motor which rotates the brushes 
about a fixed commutator. 

3. A set of revolving brushes which collect the 
direct current. 


TRANSFORMER. 


The core of the transformer is built up of 
sheet iron punchings, laminated at right angles to the 
axis of the annular ring.It contains slots running par- 

‘allel to the axis and uniformly placed about the center 
exactly as in the stator of an induction motor. It @gif- 
fers from the core of an induction motor stator, in 
that the slots are not open to the inner periphery but 
completely closed. The quantity of iron between’ the 
slots and inner periphery being small, compared with 
the exterior portion of the ring, allows an appreciable 
flux to enter the core of the armature which rotates 
within the hollow transformer core. The winding on this 

# Hicuken 1-5 ee Son inken fron Jodo Patent ‘ : 
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THE ROUGESFAGET PERMUTATOR. 


core will be discussed very completely under the head of 
"Core Windings". Suffice it to say,that these windings 
are so arranged, that when connectedto an alternating 
current system a rotating magnetic field will be pro- 
duced within the core. The core with its windings is 


mounted vertically upon a solid frame. 
MOTOR. 


The motor whose armature rotates the brushes 
about the fixed commutator is a synchronous motor. Its 
armature is fixed to a vertical shaft and rotates with- 
in the transformer core thus allowing the use off a small 
air gap and also preventing unequal air gap flux distri- 
bution due to wear on the bearings. The core of this 
armature completes the magnetic circuit of the rotating 
field, at least, that part of the flux which does not 
remain in the transformer core beneath the slots. It may 
be stated here that the air gap produces no undesirable 
effects except to increase the oxciting current. The 
winding on the armature of this motor is an ordinary 
drum winding and receives its excitation from the di- 
rect current source of the machine through two collector 
rings. The coils are exceptionally well insulated and in 


each slot above the coils there is wedged a strip of 
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brass which holds the coils in place; these brass 
strips also function as conductors of a simple squirrel 


cage rotor of an induction motor. 
COMMUTATOR AND BRUSH HOLDER. 


The brush holder is fixed relatively to the 
armature but capable of angular adjustments about the 
motor shaft. The brushes are equally displaced about 
the commutator and rotate at a uniform velocity when 
the machine is in operation. When the machine is not 
in operation the brushes are held in place by spring 
tension. The pressure these brushes would exert upon 
the commutator,due to centrifugal force, would decrease 
as the speed increased, or rather, as the square of the 
speed, divided by the radius of gyration, until finally 
a@ point would be reached when contact would be broken. 
The arrangement used to prevent this action is as fol- 
lows. One end of a lever rests upon the brush and is 
held firmly against the same by spring tension. The oth- 
er end of the lever carries a weight and at some point 
between the lever is slotted. The weighted end of this 
lever may be rotated against the spring tension within 
certain limits about the fulchrum at the brush. This 


allows the multiplying power of the lever to decrease 
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for an outward movement of the weight, and thus, for 
a given velocity, decreases the brush pressure minus 
that due to the increase of brush tension brought a- 
bout by the change. Although the radius of gyration of 
the weight has been increased the net result, neverthe- 
less,is a diminished brush pressure.The action then is 
an increase of brush pressure up to a fixed limit with 
an increase of frequency and at this frequency the ra- 
tio-of the lever arms changes so as to bring about a 
decrease of pressure, which again continues to in- 
crease with further increase of frequency. This fre- 
quency of transition may, by properly adjusting a set 
screw, be made the same as the normal operating fre- 
quency of the machine. 

On the upper portion of the core frame is 
mounted a commutator.One half of the segments are con- 
nected to taps on the winding of the core and each seg- 
ment of the other half is connected to its adjacent 
segment, in a direction opposite to that of rotation, 
through a small resistance, commonly called, commutat- 


ing resistance. 
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CORE WINDINGS. 


The diagram of the windings of the machine 
under the test is herein contained (Figure 6).(Figures 
3, 4 and 5 show diagrammatically the windings for a 
single, two and three phase permutator respectively). 
There are shown ninety slots for the sake of clearness,= 
in reality there are only fortysfive, both the exter- 
nal and internal coils occupying the same slot. It is 
seen that all these coils are alike each coil consist- 
ing of three turns end having ea pitch of seven slots. 
The coils consisting of three conductors are connect- 
ed in series and for a complete circuit about the core 
there are four coils approximately 90 degrees apart. 
The terminal of the fourth coil is connected to _ the 
beginning of the coil adjacent to the first. Thus it 
is seen that the winding is symmetrical.When properly 
supplied with alternating current a four pole rotat- 
ing field will be produced. These coils the patentees 
of this machine have called "Vectorial" coils or wind- 
ings,--= the reason for giving them this name will be 
evident when we analyze their functions. 

In this machine the alternating current is 


supplied directly to these windings. In the more gen- 
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THE ROUGE#FAGET PERMUTATOR. 


eral type of permutator an independent winding is placed 
upon the core usually in separate slots above the slots 
containing the vectorial windings, or, for mechanical 
reasons, midway between but still in the exterior el» 
cement of the core. To elucidate the actions within the 
core the general type of permutator will be used as an 
example. 

The second winding mentioned in the last par- 
agraph forms the primary winding of the cylindrical 
trensformer and differs in no way from that of an in- 
duction motor stator winding. Tho potential secross the 
primary, as in any transformer, may have any value what- 
soever; the secondary voltage depending upon the ratio 
of turns may be made equal to that value which gives the 
desired rectified voltage which is 1.414 times the alt- 
ternating voltage per phase. 

Since the primary coils are so wound as to 
create in the core a uniform rotating magnetic field 
there will be generated in the secondary (vectorial) 
coils an electromotive force having a sinusoidal dis- 
tribution. That is,with a sine wave impressed upon the 
primary there will be induced in the symmetrical vec- 


torial windings an equivalent sinusoidal direct ocur- 
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rent distribution. 

For the time being let us consider an ord- 
inary transformer. If upon the primary a true sinu- 
soidal electromotive force is impressed a similar 
electromotive force will be generated in the secondary 
by induction under ideal conditions. Not considering 
variations in the iron, nor such effects as hystoresis, 
eddy currents, etce, the current in the secondary will 
at all times @iffer from the primary current by 180 
electrical degrees. 

Now let us assume a resistance placed across 
two points on the commutator a fixed distance apart 
and covering an arc of 180 electrical degrees, or 90 
mechanical degrees en the accompanying diagram (Fig.6), 
such that there exists across the resistance a maximum 
voltage, that is, the square root of two times’ the 
effective voltare per phase. Also let this circuit move 
synchronously with the wave, that is, be in phase with 
it at every instant. We will then observe for this con- 
dition a direct current circulating through the resist-= 
ance since the voltage across it is constant. 

We have not considered the inductive ef- 
fect produced by the rectangular shaped wave up to the 


present time. It is evident that serious disturbances 
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would arise in the circuits, both electric and magnetic, 
if not compensated for. The compensation is brought 
about by winding the secondary with chord windings. The 
winding diagram may represent the secondary with these 
chord circuits. The direct current now circulating in 
this winding will give a sine distribution and will at 
all times be approximately a sine wave differing by 180 
degrees from the primary current. Thus we have on the 
alternating side n(I sin wt) and on the direct current 
side I, ( n, sin wt). It is for this reason that these 
windings have been given the name "Vectorieal Windings". 
The figure given below, (Fig. 7.), may sim- 
plify the explanation of the action which takes place 


in these coils. 
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The representation here given is the general 
scheme of presenting flux distribution and the like. It 
is known that a distribution as here given produces prac- 
tically a sine wave. When considering this effect in 
connection with the inducing system it is evident that 
we have equivalent transformer action. These coils be- 
ing connected in series carry the same direct current, 
and assuming a constant load for any instant, produce 
a revolving current sheet in synchronism with the fre- 
quency of the impressed voltage. Since the currents have 
& sine distribution which differ by 180 degrees they can 
be represented by vectors. In practice we find, like in 
a transformer, this angle to be less than 180 degrees, 
and that the resulting current is the exciting current. 

A special coil was placed in the same slots 
containing these chord windings, and the oscillograph 
used in connection with these coils, showed that’ the 
flux distribution was practically sinusoidal, in other 
words, the distribution was as it ought to be. 

In the winding diagram it is seen that these 
chord windings are connected directly to the alternating 
current somrce and that the primary coils are absent. 


For this reason it was not desirable to analyze the 
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transformer action by referring to this winding except 
to show the relations between the chord circuits of the 
secondary. However, attention is called to the arrange» 
ment of the terminal connections. The angle between the 
terminals of each phase is 180 electrical degrees and 
between phases it is 270 degrees or =90 electrical de- 
grees. Hence the vector sum of the e.m.f.'s is constant 
and equal to the terminal voltege on the direct current 
side. This winding, it may be said, is the scheme gen- 
erally used for the secondary of any permutator. In con- 
clusion, we may say, that the secondary may be looked up- 
en as a stationary armature about which a magnetic field 
rotates. 

Whenever two circuits are balanced induct 
ively we have what might be called, " Inductive Equi- 
librium ". A good example of this is illustrated in some 
of the latest types of alternating current series motors 
wherein sparkless commutation is effected by properly 
balancing the inductive circuits. 

The vectorial windings perform this function, 
that is, produce an inductive circuit which is so re- 
lated to the inducing system that for all values of 
direct current in these windings there results spark- 


less commutation. The potential between adjacent seg- 
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ments, as one passes from one set of brushes to 

another, is a function of the sine of the anglo 

swept over. At the top of the wave the potential 

between the segments is small, and since all the 

brushes are in this region of the wave, the cur- 
rent in the coil short-circuited by the brush is 

also small and in the direction of the main cur- 
rent.With the aid of commutating resistance spark- 
less commutation is obtained without adjusting 

the brushes even with 50% overload on the machine. 
This only holds true for an approximately sine 


Wave. 
OPERATION. 


Any trensformer may be directly connect- 
ed to the line without producing disastrous re- 
sults within the transformer itself.Confining ours 
selves to the transformer we may mention that the 
current which flows for the first instant is log- 
arithmic, the decrement being large, causes the 
current to become normal within a few cycles. By 
airectly connecting the terminals of the permutat- 
or to the line we may expect no more serious re- 


sults than those which occur in the transformer; 
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that is, no auxiliary starting device is necossary,——-— 
the closing of the switch starts the machine and it 
comes up to synchronism within a few seconds. 

When the switch is closed on the alternating 
current side the brush motor starts as an induction 
motor because the armature is also a squirrel-cage 
rotor. The same is true for a single phase machine 
provided a shading coil, or its equivalent, is used. 
Attention was called to the well insulated coils of 
this armature. Ordinarily the circuit of these coils 
is closed,practically short=-cicuited, and since each 
coil consists of many turns in series there would re- 
sult a breakdown in the insulation, should, for some 
reason the circuit be opened and the insulation insuf- 
ficient to withstand the high electromotive force pro- 
duced by the rotating field when closing the switch. 

At the instant the circuit is closed an al- 
ternating current exists on the direct current side of 

he machine.The frequency of this current is equal to 
the product of the line frequency and slip and dex 
creases as the motor approaches synchronism.. The im- 
pedance of the armature coils therefore decreases 


becoming negligible near synchronism. This allows 
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sufficient current to circulate in the coils to cause 
the armature to fall into step with the rotating field 
and thus operate at synchronism. 

In a two phase machine the terminals of one 
phase may be reversed should the machine come up in 
the wrong direction. In a three phase machine any two 
terminals may be reversed. The direction of rotation, 
if not known, may sasily be determined by noting the 
connections of the commutating resistance. 

There is one more point to consider when start- 
ing the machine.If the direct current terminals are con- 
nected to a heavy load, that is, a low resistamce, and 
the alternating current switch is closed, an alternat- 
ing current of large value will flow through this low 
resistance provided the impedance is low. Remomboring 
that the current carrying capacity of the commutating 
resistance is low it is evident that these resistances 
are in danger of destruction,- hence,the machine should 
be started up unloaded. 

In case the potential of the direct current 
terminals is desired to be reversed without changing 
the connections it is only wecensary to open the alter- 


nating current switch for a few moments and again closo 
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it. If the machine is separately excited it is evident 
that the reversal cannot be brought about by this means. 
The principle upon which the first statement is based 
is as follows. At any particular instant the direction 
of the current is fixed. Ths opposite poles of the arm- 
ature and rotating field are locked magnotically. Bs 
now the alternating current circuit is opened for an 
instant the speed of the motor will decrease;on again 
closing the circuit the brushes may or may not differ 
from thair previous position by 180 electrical degrees. 
If they do the poles of the armaturs are reversed be-=- 
cause the direct current is reversed and the machine 
will operate as before. It may be necessary, however, 
to make several trials before this condition is ob- 
tained. 

The parts of the armature which make it a 
squirrel cage rotor have been discussed with refor-= 
ence to starting the motor. This rotor also serves as 
an efficient damping device for a sudden change of volt= 
age or frequency. To a limited extent the coils of the 
armature serve the same purpose. It must not be lost 
sight of that the kinetic energy of the moving system 


is comparatively small and because of this fact the 
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damping device is snormously more effective than in any 
rotary converter. This is only one of the features which 
makes commutation sparkless. In fact this characteristic 
is not only advantageous in the machine itself but also 
serves admirably when connected in parallel with other 
machines to prevent an interchange of energy between 


them. 
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THE ROUGE=FAGET PERMUTATOR. 
TESTS AND RESULTS. 


The direct current load consisted of incan- 
descent lamps,~- any other curront consuming appara- 
tus could have been used whether inductive or not.The 
use of lamps afforded an easy means to keep the load 
constant inasmuch as the line voltage was excoeding-= 
ly unsteady. Although all instrumental errors were 
eliminated,errors of at least 2% have entered due to 
the above named variations. It was made possible to 
keep the error within this limit by taking at least 
five sets of readings for a given condition. 

Distorted waves affect the characteristics 
of a transformer very appreciably,so with this mach- 
ine, a distorted wave may show up the machine advant- 
ageously or vice versa. At the outset it was intended 
to investigate the effect of superimposed higher har- 
monics upon the fundamental wave but existing con- 
ditions made it impossible to carry on this invost- 
igation. The tests were made with a wave containing a 
fifth harmonic and some of the results herewith given 
differ from those which would have been obtained had 
a sine wave beon used.It must then be remembered that 


no fixed lines can be drawn between some of the char- 
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acteristics of the machine itself and those due to the 
presence of higher harmonics. However, one character- 
istic is strikingly brought out by this effect to 

which the reader's attention will again be called. 

The power measurements were taken on one 
phase only which was allowable since both phases were 
equally loaded. Only one set of readings were tak- 
en with the armature of the synchronous motor separately 
excited,== the corresponding data for this set is giv- 
en on PLATE IV. However,a 15 ohm resistance was placed 
in this circuit for all the other runs. 

This latter statement perhaps needs further 
emphasis in connection with the operating character= 
istics of the tests. Since the brush motor is a syn= 
chronous motor the angle betweon the two revolving 
fields is dependent upon the excitation which in turn 
depends upon the brush position. That is,if the brushes 
of this machine are given a lead of 5 degrees by meas~ 
urement it is not necessarily 5 degrees when the mach- 
ine is in operation. The new position of the brush will 
change the voltage on the direct current side and there- 


forse increase or decrease the angle between the fields 
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thus giving a resultant lead of more or less than 5 
degrees depending upon the change of voltage. The re- 
sistance already spoken of is used under normal con= 
ditions and was therefore used when making the var- 
ious test runs. To prevont the motor from slipping a 
pole or dropping out of synchronism entirely, should 
the line voltage drop excessively, this resistance 
may be short=cirouited and thus increase the oxcit- 
ation. To emphasize, let it be remembered that angles 
of brush lead refer in the following discussion to 
actual measurements taken on a divided scale on _ the 
brush holder. 

PLATE I contains the data obtained by 
varying the load for different brush positions. The 
headings are sufficiently descriptive to warrant no 
further remarks except to say that the angle 10° is 
the neutral plane of commutation and for this position 
the direct current voltage is maximum. From this data 
the curves given on Curve Sheets I and I-A wore plots 
ted. 

PLATES II=A and II-B contain the data Ob= 
tained by varying the frequency, the former under full 


load and the latter under half load.The curves as show 
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on Curve Sheets IIMA and II~B respectively wero plot 
ted from the abovo data. 

PLATES III-A and III-B contain the data ob» 
tained by varying the impressed voltage for full and 
half load respectively. The corresponding curves will 
be found on Curve Sheets ITI-A and III-B. 

The vector diagram was obtained from the 
data given on PLATE IV. 

The data as given in PLATES II@#A, II-B, 
IIIeA and III-B was obtained with the brushes leading 
by an angle of 5 mechanical degrees or 10 electrical 
degrees. The angles given on PLATE IV. are also the 
angles read on the scale. The excitation, however,was 
kept constant, and therefore these angles bear no re-~ 
lation to those given on the other data sheets. 

In the vector diagram the impressed alt- 
ernating voltage is taken as the zero vecto and _ the 
flux is shown as indicated lagging behind the e.m.f. 
by 90 degrees. The exciting current, as in any trans- 
former, is the resultant current of the secondary and 
the primary currents. This is true for this machine 
because the direct current may be vectorially repro= 


sented as shown. It is evident that the rectified 
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direct voltage is in phase with the current and that 
the same is true for the terminal voltage. The coun- 
ter electromotive force on the alternating current 
side (not shown), differs from the impressed both in 
phase and in value due to copper drop, inductive drop 
and the position of the brushes. 

The magnetizing current is practically con- 
stant and is represented by the double dot,dash line. 
Now that this remains constant it is seen that by 
shifting thse brushes in the direction of rotation, 
that is,15°, 10°, 5°, etc.the direct current furnish~ 
es part of the excitation and nearly all with the 
brushes set at 0°. This necessarily decreases the watt— 
less component of the alternating current and thus in= 
creases the power factor. Furthermore, an increase of 
load also increases the power factor, very rapidly 
for small loads and very slowly for large loads, the 
rate of change depending upon the location of the 
brushes. The curves on Sheet I show how the power fac= 
tor is affected by the load and the position of the 
brushes. 

The efficiency, it is seen, also increases 
within the limits of sparkless commutation. The max-~ 


imum lead allowable for this condition is about ate from 
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the netittral plane,~ corresponding to 5 degrees in the 
data. For this condition the efficiency is a maximum 
and the total current is a minimun. 

It is now obvious that a slight angle of 
lead is advantageous; for, the power factor is high, 
the efficiency is high and the total current is low. 
For these reasons the other tests were made with the 
brushes set at 5 degrees. 

The losses consist of iron,copper and fric- 
tion losses. The curve shown on Sheet I-A represents 
the total losses. The increase with an increase of 
load is due to copper loss only the iron and fric« 
tion loss remaining practically constant.The voltage 
across the brushes decreases with the load due _ to 
copper drop. 

Perhaps the effect produced by changing the 
impressed voltage for constant direct current output 
for various shaped waves on this machine would be ex- 
coedingly interesting. A good illustration of this is 
found on Sheets ITI-A and III=B which contain the 
curves of the terminal voltage plotted against the 
impressed for full load and half respectively. 


In the former the terminal voltage curve is seen to 
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be practically a straight line, in the latter, other 
conditions remaining the same, such is not the case. 
For 79 volts impressed the terminal voltage is tho 
same for full load and half load conditions,-- the ter- 
minal voltage in the latter case rises rapidly as the 
impressod voltage is increased and finally increases 

at the same rate as under full load conditions,that is, 
the two curves are parallel for impressed voltages great- 
er than normal voltsagob 

This characteristic is unique; for when  sup- 
plied with a distorted alternating voltage, this mach- 
ine may, with careful manipulation, be made to op- 
erate at full load but not at some lesser load when 
the impressed voltage reaches a certain low value. The 
explanation given below with the intention of bringing 
out one of the many peculiar features of this machine 
we believe to be correct,-—- nevertheless, it is still 
open to question and needs verification. 

Let us assume that an appreciable harmonic, 
say the fifth, is superimposed upon the fundamental 
wave. Remembering that for this machine the direct volt- 
age is equal to the instantaneous value of the alternat- 


ing voltage at some point of the wave which is fixed 
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by the location of the brushes. That is, if the brush 


FIGUAIE S 


is at B (Fige 8) the voltage is equal to the ordinate 
at this point and will increase or decrease as the 
brush moves along the curve ACB.Since either a change 
of excitation or a change of rotating field strength 


(or both) will change the angle between the two fields 


27. 


we may expect a corresponding change of terminal volt- 


age if the current is kept constant.This may be brought 


about by varying the alternating voltage. Ordinarily, 
if the impressed voltage is low the motor is unstable 
if the brush is located between the peak at "0" and 
the trough at "B". If the voltage is normal this will 
not occur. And again, if the brushes are on the other 


slope the same low voltage will not cause an unstable 
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condition. There is one more point to consider before 
explaining the complete action. If the machine is 
carrying full load in one case and say half load in 
another for the same impressed voltage the brush in 
the former case will be, say at "OC", and in the latter 
at "B" because the copper drop in the first case is 
greater and thus the excitation less. 

Let us now apply these principles and poss- 
ibly account for the peculiar e.m.f. curves given on 
Sheets III-A and III-B. It is seen that for half load 
the voltage drops off very rapidly when the impress- 
ed voltage is decreased below 80 volts while for full 
load it decreases less rapidly.As the alternating volt- 
age decreases the field strength decreases at the same 
rate.The brush therefore drops back towards "C" whebhehe 
er the machine is loaded or not.It reaches "C" when the 
machine is carrying full load before it reaches the 
same point when carrying a less load as the voltage 
is allowed to decrease. In the meantime the direct volt- 
age tends to increase and thus explains why the o.m.f. 
curve for full load is practically a straight line in 


the region under consideration. 
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When the voltage becomes sufficiently low tho 
brushes , when the machino is carrying half load, un- 
like the former case, move very rapidly from "B" to- 
wards "C", and the excitation being very weak as the 
brush moves in the trough, allows the machine to hunt 
and fall out of step. That is, the machino may carry 
a certain load for some low voltage, having a distort- 
ed wave but not some load of lesser value. This was ex-= 
perienced in the laboratory when performing the test 
from which the data in PLATE III-B was obtained. A 
change in frequency brings about results much the same 
but to a lesser dogree. The curves are given on Sheets 


II-A and II-B. 
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SPECIAL FEATURES. 


For a constant frequency of 60 cycles per 
second the synchronous motor of this machine, when 
carrying no load, will not drop out of step until the 
direct voltage reaches the low value of 29 volts when 
the auxibiary resistance is not in circuit, otherwise, 
when in circuit it is 36 volts; in other words, the 
minimum exciting current is one half ampere. These 
values are necessarily greater if the frequency is 
variable. In practice so low a voltage is impossible 
and the frequency although variable to a slight ex- 
tent, depending upon the prime mover, could not vary 
sufficiently to cause hunting much less dropping out 
of step. In fact hunting is practically impossible e- 
ven at full load, or for heavy overloads when the al- 
ternating voltage is normal. 

The patentess claim that some of their machines 
may be operated as inverted permutators,that is, change 
from direct current to alternating current. This parte 
icular permutator is not made to fulfill this condition, 
however, it will start on a very low voltage, but large 
current (100 amperes), and when once started will acc- 
elerate very rapidly and unless the current is reduced 


to a few amperes it will race. That is, the motor field 
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tends to fall into step with the rotating field in the 
core which leads the armature field continually for 
all speeds. As a caution then, under no circunstances 
should this particular permutator be operated in par- 
allel with other direct current generating apparatus 
without having in circuit some safety device which 
would open the direct current circuit. One of two 
things would happen; either the machine would. short- 
circuit the line, or worse, the revolving parts would 
be destroyed if for some reason the alternating cur- 
rent circuit were opsned. 

The single phase permutator has been cone 
structed and operates very satisfactorily. This per- 
mutator operates as single phaser on no load, refusing 
however to operate under load. If the impressed voltage 
is sufficiently increased it may be made to operate on 
small loads but with considerable difficulty. 

The auxiliary resistance which accompanies 
this machine should always be connected in series with 
the armature when ths machine is lightly loaded or 
when the terminal voltage is above normal value; for,if 
the armature is directly connected the coils will over- 


heat beyond a safe workable temperature. 
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CONCLUSION. 


The superiority of the permutator the read- 
er has probably realized from whst has already been 
said. Let us compare this machine with the rotary con- 
verter in regard to its operating performance, weight, 
cost, in fact, from all possible aspects. 

We notice in the first place that its start- 
ing action is very simple and when used to feed into a 
direct current system simply requires the closing of 
the supply switch and then the feeder switch after 
synchronous speed has been reached. If separately ex- 
cited, which would be the case in general, it will al- 
ways come up in the right direction. The synchroscope 
is therefore unnecessary when starting and the timo roe- 
quired for the machine to reach synchronism is only a 
few seconds,=-~— the direct current voltmster being the 
only indicator needed to indicate synchronous’ speed. 
All starting apparatus is thus eliminated.Its operation 
being so simple, when starting and when running, great- 
ly reduces the cost of labor. 

The statement has been made that this machine 
would operate without serious sparking at 50% overload. 


Were it not for the small resistance wires used as con- 
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mutating resistances this value,we do not doubt,could 
be increased to a much higher value.eThe manufacturers 
claim the overload capacity for constant operation 
may reach the high value of 100%. Of course this de- 
pends upon the initial rating of the machine. 

We have shown that the permutator may be op- 
erated entirely satisfactorily for a large range of 
frequencies. This is not an essential feature but one 
of interest. 

Perhaps the most important advantage this 
machine has over the converter lies in the fact that 
transformers are entirely dispensed with. The poss# 
ibility of obtaining say 550 volts direct current 
from an alternating current line of 5000 volts is cer- 
tainly a long step towards ideal electric power trans- 
mission. There is no reason why tho coils of the mach- 
ine can not be oil cooled and insulated as is done in 
transformers. This would allow the alternating cur- 
rent voltage applied to the machine to reach the high 
voltages used in power transmission. 

The curves shown on the following page give 
some idea of tho relative values of weight, floor- 
space and cost of permutators and rotary convertors. 


We have selected for comparison the low voltage con- 
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verter for 25 cycles, that is, one used for lighting 
purposes. The same curves apply approximately to rail- 
way sets. The cost given for the permutators doos not 
include the duty. To give the reader the benefit of 
the doubt we have not included the cost, floor space 
and weight of the transformers which are used in cons 
nection with converters. 

One is impressed with the fact when come 
paring these curves, that, had the machine no other 
advantages, these, which are so plainly evident are 
sufficient to warrant consideration. The cost of the 
substation equipment and its upkeep would be greatly 
reduced, more than 50% in round numbers. But why con- 
sider a railyway substation at all? The small weight 
end floor space and the absence of transformers makes 
it possible to place the permutator upon the car it- 
self when used for either suburban or interurban lines 
and thus eliminate the substation with its costly 
equipment and feeder system. That is, wo may use as a 
limit the high voltage allowable on the trolley be- 
tween towns and obtain 600 volts direct current at the 
motors. The same equipment may be used in the city, 


where high voltage on the trolley is prohibited, by 
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placing along the line, small transformer substations 
wherein the high voltage may be reduced say to 900 
volts. This arrangoment makes it possible to use the 
direct current series motor on the same voltage as be- 
fore. Stated more briefly,by placing the small permut- 
ator upon the electric locomotive the costly substa-+ 
tion with all its fixed charges is done away with, the 
costly feeder system is eliminated, the losses are 
greatly decreased and the insufficient alternating ser- 
ies motor is replaced by the more efficient and suit- 
able direct current series motor. 

The power factor and especially the efficien-= 
cy of the permutator is as good as in any other appa 
ratus. The permutator under consideration, although 
having an efficiency of 75%, must be remembered is 
only a 9 K.W. machine, and comparable with a converter 
of the same size. The manufacturers claim that for 
the large machines they are able to obtain efficien- 
cies as high as 96%. 

By suitably arranging the primaries and 
secondaries of these permutators, so that they may be 
moved relatively to each other,it is possible to ob-= 
tain perfect regulation. A device which would change 


the angle of lead of the brushes would make it poss-~ 
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ible to change the power factor. 

Many of the advantages have been based upon 
our observations and tests. Having done this we have 
the privilege of stating the disadvantages on the same 
grounds. The machine is certainly a noise generator as 
well as an eloctric generator. This fault, however, is 
not interlinked with its electric features but rather 
with its mechanical construction.The undesirable noise 
is due to the poor commutator construction and must 
not therefore bo related to the permutator as one of 
its electrical characteristics. In general, the only 
serious disadvantage is the use of revolving brushes 
which need a special brush holder to nullify the ef- 
fect of centrifugal forse. 

The following advantages in tabulated form 
then are:- 
1. Self starting,- action simple. 
2e No starting apparatus necessary. 
3.e Synchronous spsed attained within a fow 
seconds. 
4. Cannot hunt. 
5. Operation simple. 


6. Less attendance required. 
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Overload capacity large. 

Adaptablo to frequencies between wide limits. 
Transformers unnecessary. 

Suitable for any voltage. 

Perfect parallel operation. 

Small weight. 

Low cost. 

Small floor space. 


Perhaps we have dwelt too long upon the com= 


mercial aspect of this machine which undoubtedly will 


replace the converter within a few years;however, since 


it is a machine of commercial value we did not wish to 


neglect those features which surpass in many respects 


those of the converter. Remembering that wo have com- 


pared two machines,-—»— one whose development is about 


complete, the other whose development has just begun, 


we may feel 


assured that the "Rectifying Apparatus" is 


the beginning of a new era in electric power enginser- 


ing. 
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APPENDIX. 


For various reasons four auxiliary coils 
were wound upon the core. By means of these coils it 
is possible to determine the per cent of the total 
flux which enters the armature ( 66.6% ), the distri- 
bution of the flux and other constants. The following 
information may be of value. 

One winding consisting of one coil contains 
15 turns of #28 (B&S) double cotton covered wire and 
has a pitch of seven slots. Its resistance is .940 
ohms. Another winding consisting of 5 coils, each hav- 
ing a pitch of 7 slots, contains 30 turns or 6 turns 
per coil of the same size wire. These coils are lap 
wound and advance by one slot.Another coil,consisting 
of ten turns of the same wire,is wound between one 
slot and the outer periphery of the core. The fourth 
coil,consisting of 25 gurns of #36 (B&S) wire, is 
wound between one slot and the inner periphery of the 
core. 

The drawing under separate cover contains 
the principle dimensions necessary for determining any 
of the electrical or magnetic constants. The same are 


herewith given for future reference. 
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CORE. 
Diameter, inside 20 cm. 
Diameter, outside 36 Cle 
Breadth 11.5 cm. 
SLOTS. 
Number 45 
Length 4.75 cm. 
Breadth 1.05 cm. 


(Bnd circular, radius .53 cm.) 


Minimum thickness of core between 


slot and inner periphery «28 cm. 
COMMUTATOR. 

Number of segments 90 

Diameter 14 CMe 

Commutating resistance 125 ohms at 16°C. 
BRUSHES. 

Material Carbon. 

Number of sets 4 

Number per set 3 

Breadth 3 cm. 


hickness 09 cme 
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ARMATURE. 

Number of slots 32 

Depth of slot 1.9 cm. 
Length along core 10.0 cm. 
Breadth of slot along core 1.05 cm. 
Length of core (external) 20.3 cM. 
Length of core (internal ) 16.3 CMe 
Diameter (external ) 19.8 CMe 
Diameter (mean internal ) 12.5 cm. 


WINDING oN ARMATURE. 


Style Lap 

Front pitch 9 

Back pitch ~—7 
Resistance at working temperature 59 ohms. 
Resistance of armature rhoostat 15 ohms. 


Resistance of corse winding across one 
phase as measurod by direct curs 
rent at full load -1155 ohms. 
The position of positive brush when terminal #1 
(see winding diagram) is positive, (maximum) is at 
the segment connected to this terminal, otc. 
Direction of rotation is clockwise when looking 


down upon the machine. 


Weight, 300#. 
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